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(57) ABSTRACT 

Thin-film phase-change memories having Small phase 
change Switching Volume formed by overlapping thing films. 
Exemplary embodiments include a phase-change memory 
element, including a first phase change layer having a resis 
tance, a second phase change layer having a resistance, an 
insulating layer disposed between the first and second phase 
change layers; and a third phase change layer having a resis 
tance, and coupled to each of the first and second phase 
change layers, bridging the insulating layer and electrically 
coupling the first and second phase change layers, wherein 
the resistance of the third phase change layer is greater than 
both the resistance of the first phase change layer and the 
second phase change layer. 

2 Claims, 15 Drawing Sheets 
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1. 

PHASE CHANGE MEMORY ELEMENT AND 
METHOD OF MAKING THE SAME 

TRADEMARKS 

IBM(R) is a registered trademark of International Business 
Machines Corporation, Armonk, N.Y., U.S.A. Other names 
used herein may be registered trademarks, trademarks or 
produce names of International Business Machines Corpora 
tion or other companies. 

BACKGROUND OF THE INVENTION 

Field of the Invention 
This invention relates generally to thin-film phase-change 

memories, and in particular to a small phase-change Switch 
ing Volume formed by overlapping thing films. 

Phase-change memory devices use phase-change materi 
als, i.e., materials that may be electrically switched between a 
generally amorphous and a generally crystalline state, as an 
electronic memory. One type of memory element utilizes a 
phase-change material that may be, in one application, elec 
trically Switched between generally amorphousand generally 
crystalline local orders or between different detectable states 
of local order across the entire spectrum between completely 
amorphousand completely crystalline states. 

Typical materials Suitable for Such an application include 
various chalcogenide elements. The state of the phase-change 
materials is also non-volatile. When the memory is set in 
either a crystalline, semi-crystalline, amorphous, or semi 
amorphous state representing a resistance or threshold Volt 
age (V) value, that value is retained until reprogrammed, 
even if power is removed. This is because the programmed 
value represents a phase or physical state of the material (e.g., 
crystalline or amorphous). 

Typically one of the limiting factors in the density with 
which such a non-volatile memory can be fabricated is not the 
size of the programmable phase-change element, but instead 
the size of the access transistor or other access device co 
located with each phase-change memory element. This prob 
lem stems from the Scaling of the maximum current Supplied 
by the access device with its size, and thus memory element 
designs that can reduce the amount of current required for 
Somewhat equivalently, the total power required) in order to 
Switch the phase-change element are key for this technology, 
Particularly critical is the highest current (power) that is 
needed to melt the phase-change material during the pro 
gramming of the high-resistance “RESET state. In the 
RESET state, the current path through the phase-change ele 
ment upon readout is forced to pass through some portion of 
the phase-change material that is in the amorphous phase, 
thus leading to high device resistance. 
Two paths towards reducing this RESET current are to 

reduce the cross-sectional Volume (or more appropriately, 
area) of the device that is switched between crystalline and 
amorphous, and to increase the thermal efficiency, so that 
most of the electrical power that is injected into the device 
goes towards melting the phase-change material. Key to this 
second point is the need to increase the thermal resistance 
between the Switching Volume and its Surroundings. In par 
ticular, the electrodes that deliver current to the device need to 
have high thermal resistance yet low electrical resistance 
(because if they were highly resistive, then they themselves 
would heat up instead of the Switching Volume, thus requiring 
a larger total amount of power to be delivered from the access 
transistor or other access device). Because some current 
(power) would be “wasted on heating the internal access 
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2 
electrodes, additional total current (power) would be required 
in order to successfully RESET the device by melting and 
quenching a sufficient portion of the phase-change material 
into the amorphous phase. Here the portion is sufficient if the 
electrical current passing through the element is forced to go 
through the amorphous phase of the material, which thus 
significantly increases the overall resistance of the element, 
representing a stored binary 1. If the cross-section of the 
electrical path in the vicinity of the Switching junction is only 
99% amorphous, then due to the high contrast between the 
resistivity of the amorphous and crystalline phases, most of 
the current will pass through the Small remaining crystalline 
filament, thus leading to a lower overall device resistance and 
a perceived stored binary 0. Thus reducing the cross-section 
of the electrical path that needs to be blocked, ensuring that 
most of the electrical energy is injected as heat at this region 
and is thermally insulated from flowing elsewhere, and estab 
lishing a fabrication procedure which makes every memory 
element as identical as possible, are key goals. 

Thus, there is a need for cell designs which combine small 
Switching Volume together with electrodes that have a high 
thermal resistance yet a low electrical resistance. 

SUMMARY OF THE INVENTION 

Exemplary embodiments include a phase-change memory 
element, including a first conductive layer having a resis 
tance, a second conductive layer having a resistance, an insu 
lating layer disposed between the first and second conductive 
layers, and a phase change layer having a resistance, and 
coupled to each of the first and second conductive layers, 
bridging the insulating layer and electrically coupling the first 
and second conductive layers, wherein the resistance of the 
phase change layer is greater than both the resistance of the 
first conductive layer and the second conductive layer. 

Further exemplary embodiments include a method of 
manufacturing a phase change memory element, the method 
including providing first phase change material layer and a 
second phase change material layer separated by an insulat 
ing layer, forming a step in the layers defining a first mesa 
level having the first and second phase material layers and the 
insulating layer, and a second step having the first phase 
change material layer, whereby forming the step exposes a 
surface disposed between the first and the second levels, the 
Surface defining a cross section of the first and second phase 
material layers and the insulating layer and conformally 
defining a third phase change material layer over the first and 
second levels and on the Surface. 

Additional exemplary embodiments include a phase 
change memory element, including a Switch junction, a first 
layer of phase change material, a second layer of phase 
change material and an insulating layer for electrically and 
thermally coupling the first and second layers of phase 
change material, wherein the Switch junction electrically 
couples a portion of the first and second layers of phase 
change materials. 

Additional features and advantages are realized through 
the techniques of the present invention. Other embodiments 
and aspects of the invention are described in detail herein and 
are considered a part of the claimed invention. For a better 
understanding of the invention with advantages and features, 
refer to the description and to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter which is regarded as the invention is 
particularly pointed out and distinctly claimed in the claims at 
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the conclusion of the specification. The foregoing and other 
objects, features, and advantages of the invention are apparent 
from the following detailed description taken in conjunction 
with the accompanying drawings in which: 

FIG. 1A illustrates a cross-sectional view of an exemplary 
phase change memory element; 

FIG. 1B illustrates a cross-sectional view of an exemplary 
phase change memory element; 

FIG. 1C illustrates a cross-sectional view of an exemplary 
phase change memory element; 

FIG. 2 illustrates a fabrication process in accordance with 
exemplary embodiments; 

FIG. 3 illustrates an intermediate structure during the fab 
rication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 4 illustrates an intermediate structure during the fab 
rication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 5 illustrates an intermediate structure during the fab 
rication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 5B illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 6A illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 6B illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 7A illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 7B illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 8A illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 8B illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 8C illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 9A illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 9B illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 10 illustrates an intermediate structure during the 
fabrication process of FIG. 2 in accordance with exemplary 
embodiments; 

FIG. 11 illustrates a perspective view of the phase change 
memory element of FIG. 1, with the filling oxide layer 
removed for illustrative purposes. 
The detailed description explains the preferred embodi 

ments of the invention, together with advantages and features, 
by way of example with reference to the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention discloses a structure and fabrication 
procedure for a novel phase-change element in which the size 
of the switching volume is defined by thin-film processes 
(thus being unaffected by variations in critical dimension 
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4 
(CD) due to errors in lithography), and in which this switch 
ing Volume is electrically connected to underlying and over 
lying metallic vias yet is thermally isolated from these layers. 

FIG. 1 illustrates a cross-sectional view of an exemplary a 
phase-change memory element 100. AS is appreciated in the 
description below, the cross section illustrated in FIG. 1 is a 
phase change junction having a width Small compared to the 
width of element 100. The ability to form a highly repeatable 
cross-section, which is significantly smaller than the memory 
element spacing, is needed to reduce the current (power) 
required to switch the element. The fabrication steps of ele 
ment 100 are discussed in the description below with respect 
to FIGS. 2-10. In exemplary embodiments, element 100 
includes bottom contact 105, which can be a variety of mate 
rials, such as but not limited to titanium nitride (TiN), tung 
sten (W), etc. It is understood that there are a variety of 
materials, preferably conductive, which can be implemented 
to form bottom contact 105. It is further understood that 
bottom contact 105 is coupled to or is for coupling to a 
transistor (e.g., coupled to a transistor drain) or another 
equivalent access device. Therefore, access transistors or 
other devices have been already fabricated on a silicon or SOI 
wafer at a desired eventual memory pitch (e.g., 20-50 nm). 
Furthermore, metallic vias (bottom contact 105) are formed 
leading down to, for instance, the drain of each access tran 
sistor. 

Element 100 further includes a first low-resistance phase 
change (and conductive) material layer 110 formed on bottom 
contact 105. The resistivity of the phase-change material, 
controlled either by doping or by modifying the fabrication 
conditions, may be advantageously chosen Such that the con 
tribution of this layer to the overall device resistance is less 
than 10%. For instance, if the target device resistance in the 
SET (all crystalline) state if 10 kOhms, then this first low 
resistance phase-change material layer 110 should contribute 
an overall resistance less than 1 kOhm. In an alternative 
embodiment, layer 110 can be formed out of any alternative 
material offering a significant contrast between very high 
electrical conductivity (>1000 inverse Ohm-cm) and 
extremely low thermal conductivity (<2W/K m), even if layer 
110 no longer exhibits a phase-change. Layer 110 includes a 
first mesa level 111 and a second mesa level onto which an 
insulator layer 115, such as, but not limited to, silicon dioxide 
(SiO), silicon oxygen nitride (SiON), silicon nitride (SiN). 
etc., is formed. Insulator layer 115 is a good electrically and 
thermally insulating dielectric material. A second low-resis 
tance phase-change (and conductive) material layer 120 is 
formed on insulator layer 115. Layer 115 can be, for example, 
<10 nm thick. In exemplary implementation, the materials 
used for layers 110, 120 are defined by having high thermal 
resistance and low electrical resistance. It is understood that 
the low resistance phase change layers can be any material 
having high electrical conductivity and low thermal conduc 
tivity. In an exemplary implementation, etch-stop layer 125 is 
formed on layer 120. Etch stop layer 125 can be a material 
such as but not limited to TiN. Etch stop layer 125 has good 
electrical conducting properties as well as being a material 
that is able to stop an oxide etch. Therefore, it is appreciated 
that etch stop layer 125 not only provides good electrically 
and thermally conducting properties for operation of element 
100, but also provides a fabrication features (i.e., etch stop) as 
discussed further below. 

It is appreciated that layers, 115, 120, 125 have been 
formed on second mesa level 112. A high-resistance phase 
change cap layer 130 is formed over both mesa levels 111, 
112, over etch-stop layer 125 and layer 110 (i.e., first mesa 
111 portions). Layer 130 is also formed over truncated sur 
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face 113 defined between mesas 111, 112. Truncated surface 
113 can either be perpendicular or angled back so as to 
improve the contact between layers 130 and layers 110,120. 
In general, increases in the truncation angle, or increases in 
the thickness of insulating layer 115, directly increase the 
active volume of layer 130 through which current flows, 
leading to an increase in the total Switching current (power) 
required to RESET the memory element by melting. Layer 
130 can be a phase-change material capable of Switching 
between an amorphousand a crystalline phase. The resistivity 
of layer 130 should be chosen, either by doping or control 
over fabrication conditions, such that it contributes more than 
50% (and preferably 80-90%) of the overall device resistance. 
A resistivity contrast of >30x between the low- and high 
resistance phase-change layers can be sufficient. As such, cap 
layer 130 is deposited overedges of layers 110, 115, 120,125. 
It is appreciated that mesa levels 111, 112 and surface 113 
define a step (step region or junction 114). It is further appre 
ciated that step region 114 exposes a Surface disposed 
between the first and the second mesa levels 111, 112, the 
Surface defining a cross section of the first and second phase 
material layers 110, 120 and the insulating layer 115. 

Referring still to FIG. 1, it is appreciated that top contact 
(or via) 145 is formed over a portion of etch-stop layer 125. 
Element 100 further includes a planar (or cladding) layer 140 
formed over layers of both mesas 111, 112 thereby planariz 
ing element 100. Layer 140 can be a dielectric material having 
a low dielectric constant Kandlow thermal conductivity such 
as SiO. A top conductive layer 150, such as but not limited to 
TiN, can be formed on top contact 145 and planar layer 140. 

In general, the above-described layers are patterned on the 
pitch of the memory array so as to electrically isolate each 
memory structure with a dielectric (layer 140) filled in 
between memory cells. 

In general, in element 100, a current 155 flowing in layer 
120 flows out of lower film layer 110 on truncated surface 
113, and into layer 130 and into upper film layer 120, sepa 
rated by thin oxide layer 115. As discussed, three layers, 110. 
115, 120 are truncated at truncated surface 113, and thin film 
(higher resistance) cap layer 130 is formed over the truncation 
surface 113 is order to contact the two layers 110, 120 and 
define the phase change region through layer 130. Therefore, 
it is appreciated that step region 114 is a phase change junc 
tion switch through which the current 155 flowing through 
element 100 undergoes a small phase change defined by the 
thin film thickness layers. As shown in FIGS. 1A, 1B, and 1C, 
this switching region is formed by the thickness of layer 130, 
the width of spacer 160, and the thickness of layer 115. Since 
all three dimensions are formed by thin-film processes, these 
thicknesses can be made Small repeatedly with much higher 
control than is offered by lithographic definition. Because of 
the high contrast between the high- and low-resistance phase 
change regions, electrical current flows in either the low 
resistance phase-change layer 110, 120 or the conductive 
etch-stop layer 125 except in the immediate vicinity of 
switching volume 114. Since the resistivity of layer 130 was 
chosen so that most of the Voltage drop occurs in Volume 114, 
most of the electrical power converted to heat through Joule 
heating is injected within Switching Volume 114, at the inter 
section between layer 130 and layers 110 and 120, shown as 
regions 116. Since the layers 110, 115, 120, 140 in immediate 
thermal contact with switching volume 114 are chosen to 
have low thermal conductivity, this injected heat remains in 
the vicinity and will lead to efficient melting of the phase 
change material in the vicinity. Thus the total power needed to 
melt the entire electrical cross-section in the center of switch 
ing Volume 114, forming an amorphous plug 117 Sufficient to 
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6 
block all current from layer 110 to layer 120, is kept low, and 
is furthermore made repeatable from memory element to 
memory element within a memory array. 
The use of a much higher resistance cap layer 130, relative 

to layers 110, 120, allows cap layer 130 to cover all layers on 
mesa levels 111, 112, and to allow the entire element 100 
structure to be trimmed in a third dimension together (dis 
cussed in the fabrication steps below), since the volume in 
which phase change occurs is localized by resistance control 
rather than by current confinement. Therefore, switching vol 
ume 114 is defined by film thicknesses and is largely inde 
pendent of inaccuracies that can occur in lithography. Since 
errors in placement of the junction due to lithography do not 
affect dimensions of switching volume 114, therefore the 
performance characteristics of element 100 tend to be more 
uniform from device to device than with conventional cell 
design. Film thicknesses and etch-back distances in the vicin 
ity of the junction can be controlled with high accuracy, as is 
expected from semiconductor roadmaps Such as ITRS as 
understood by those skilled in the art. 

FIG. 2 illustrates a fabrication process 200 in accordance 
with exemplary embodiments. As discussed above, access 
transistors or other suitable devices are coupled to bottom 
contact 105. At step 205, a four layer stack is deposited over 
the bottom contact 105. The four layer stack includes first 
low-resistance phase-change material layer 110, insulator 
layer 115, second low-resistance phase-change material layer 
120 and etch-stop layer 125. FIG.3 illustrates an intermediate 
structure in accordance with step 205 of process 200; the 
intermediate structure has a four-layer Stack including layers 
110, 115, 120, 125 deposited on contact layer 105. As dis 
cussed above, layers 110, 115, 120, 125 are patterned litho 
graphically (on the pitch of the memory array, and therefore, 
coarsely with respect to the dimensions of the eventual 
Switching Volume) So as to electrically isolate each memory 
structure. As discussed further below, a dielectric layer 140 is 
filled in between memory cells and planarized before the 
Subsequent steps). 
At step 210, a mesa is defined and etched through the 

insulating layer 115. In general, it is appreciated that by 
etching through the insulating layer 115, the step further 
etches into the low resistance layer 110. FIG. 4 illustrates an 
intermediate structure in accordance with step 210 of process 
200. Etching into low resistance layer 110 is controlled by 
defining a repeatable distance into layer 110. Therefore, the 
etching progresses through the top three layers 120, 120, 115, 
as defined by lithographic definition of a protecting photore 
sist layer 126, which is coated, baked, exposed, developed, 
etc. in accordance with photolithographic processes known in 
the art. It is appreciated that errors in the position of this line 
of developed photoresist 126 can translate the switching vol 
ume slightly with respect to the underlying via, but should 
have negligible impact on performance for reasonable CD 
variations (e.g. <25% of the memory pitch). As discussed 
above, the etch is performed through oxide layer 115 and into 
low-resistance layer 110, although the exact amount etched 
into the bottom-most low-resistance phase-change layer 110 
can be a variety of thicknesses. In exemplary implementa 
tions, it is desirable for the distance to be repeatable. It is 
appreciated that the photoresist layer 126 is appropriately 
removed in accordance with photolithographic processes 
known in the art prior to the Subsequent step. 
At step 215, a conformal high-resistance phase change 

material layer 130 is deposited over this mesa step region 114, 
Such that good electrical contact is established between high 
resistance conformal layer 130, and both the upper and lower 
low-resistance phase-change layers 110, 120 along truncated 
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surface 113. The truncation angle of the truncated surface 113 
can be made less perpendicular in order to improve adhesion 
and electrical contact of layer 130 in this region. However, the 
choice of truncation angle presents a tradeoff between the 
repeatability of the conformal electrical contact (e.g., yield) 
and the RESET current (e.g., performance). FIG. 5A illus 
trates an intermediate structure inaccordance with step 215 of 
process 200. FIG. 5B illustrates a cross section view of ele 
ment 100 adjacentjunction 114. The resistance of conformal 
layer 130 can be controlled during deposition by choice of 
constituents, deposition conditions, doping, etc. The resistiv 
ity of layer 130 is chosen, either by doping or by control over 
fabrication conditions, such that it contributes more than 50% 
(and preferably 80-90%) of the overall device resistance. A 
resistivity contrast of >30x between the low- and high-resis 
tance phase-change layers should be sufficient. 

At step 220, the element 100 is planarized as preparation 
for a step-etch that defines a width for junction 114. The mesa 
structure, that is, mesa levels 111, 112 as well as surface 113, 
is planarized with a dielectric (e.g., low-K dielectric, silicon 
dioxide, etc.) FIG. 6A illustrates an intermediate structure in 
accordance with step 220 of process 200. FIG. 6B illustrates 
a cross section of the intermediate structure adjacentjunction 
114. FIGS. 6A and 6B illustrate the intermediate step of step 
220 in which dielectric layer 160 is deposited. As discussed 
above, layer 140 can be a dielectric material having a low 
dielectric constant K and low thermal conductivity Such as 
SiO. 
At step 225, a spacer 140 is defined for a step-etch to define 

the width for junction 114. FIG. 7A illustrates an intermediate 
structure in accordance with step 225 of process 200. FIG.7B 
is a cross section of the intermediate structure adjacent junc 
tion 114. As illustrated in FIG. 7B, polysilicon feature 165 
with a critical edge lying perpendicular to mesa step, is 
defined and spacer 160 (e.g., silicon nitride, etc.) is formed at 
an edge of polysilicon feature 165. This spacer process, as 
known by those skilled in the art, involves conformally depos 
iting spacer material 160 on top of and on the edges of poly 
silicon feature 165, and on the flat planarized surface next to 
feature 165, followed by a removal of the spacer material 160 
from all horizontal Surfaces using a selective and directional 
etch (usually a reactive ion etch (RIE)). Then polysilicon 
feature 165 can be removed, leaving a ring of verythin spacer 
material 160 standing on the planarized surface, to be used as 
a Subsequent etch mask. 

In an exemplary implementation, spacer 160 and polysili 
confeature 165 can beformed with a standard spacer process, 
in which a thin film of silicon nitride is placed everywhere 
over the polysilicon feature and is then selectively removed 
from the horizontal surfaces leaving only spacer material 160 
onvertical edges of polysilicon features 165. After removing 
the polysilicon feature 165, an etch is performed using spacer 
160 as a mask, which cuts a narrow line, defining the junction 
114 width, down into the mesa layers. The etch stops on the 
original insulator layer 115 on mesa 112 and can over-etch in 
the regions outside the mesa 112, on mesa 111, and therefore 
into low resistance layer 110. The depth of the etch into mesa 
111, that is layer 110, can vary because it is not proximate 
junction 114. In general, so long as the contact area (Surface 
113) for the switching volume (defined where insulating layer 
115 contacts high resistance layer 130 at junction 114) is 
reduced to the width of the spacer, this step is complete. It is 
understood that the role of the polysilicon feature 165 and 
spacer 160 can be filled by materials other than polysilicon 
and nitride, but can also be a pair of materials that Support the 
necessary steps of selective removal and etch protection, Such 
as silicon oxide and silicon oxynitride. It is further appreci 
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8 
ated that errors in photolithography shift the position of the 
switching volume. However, it is the width of spacer 160, 
defined by thin-film deposition, which dictates the width of 
the switching volume and thus the memory cell's critical 
parameters of resistance and required RESET current. The 
aforementioned features are negligibly affected by errors in 
photolithography. 

FIG. 8A illustrates an intermediate structure in accordance 
with step 225 of process 200. FIG. 8B illustrates a cross 
section of mesa 112 adjacent junction 114 of FIG. 8A. This 
cross-sectional view illustrates the junction width 161 of 
junction 114. The cross-sectional view further illustrates that 
the etch step stopped at insulating layer 115, such that the 
structure includes low resistance layer 120, etch-stop layer 
125, high resistance layer 130, dielectric layer 140 and spacer 
160, which is removed as discussed above. As is appreciated 
further with respect to step 235 below, spacer 160 can be 
retained to protect the eventual contact region used for the via 
etch at step 235 from definition by the spacer. The retention of 
spacer 160 keeps the top low-resistance phase-change layer 
120 and TiN etch-stop layer 125 wide in this area so that the 
entire bottom of the via etch at step 235 ends on TiNetch-stop 
layer 125 (rather than just a strip along the center of the via). 
FIG. 8C illustrates a cross section of mesa 111 adjacent 
junction 114. As discussed above, the etch proceeds into low 
resistance layer 110, such that a small portion of low resis 
tance layer 110 is included in the width 161 of the junction 
114. The thin junction 114 further includes high resistance 
layer 130, dielectric layer 130 and spacer layer 160. 
At step 230, the intermediate structure is filled or re-pla 

narized with a low K dielectric material, which can be the 
same material of layer 140, or other suitable material, such as 
but not limited to SiO, as discussed above. 
At step 235, a via for top contact 145 is defined and an etch 

to etch stop layer 125 is performed. FIG. 9A illustrates an 
intermediate structure in accordance with steps 230, 235 of 
process 200. FIG.9B is a cross section of the intermediate 
Structure of FIG.9A. FIGS. 9A and 9B illustrate the dielectric 
fill layer 140 added at step 230. After filling with dielectric 
and re-planarizing (at step 230), a reliable electrical contact to 
the thin and narrow strip (defined by width 161), which 
remains of the original top low-resistance phase change mate 
rial layer 120, is defined. A via alongjunction line defined by 
width 161, but away from the switching volume junction 114 
is formed. The etching is performed down to the titanium 
nitride (etch-stop) layer 125, using photolithographic pro 
cesses known in the art, through resist layer 141. FIG. 10 
illustrates an intermediate structure illustrating the etch to the 
etch-stop layer 125. 
The defined via is then refilled with a metal (e.g., alumi 

num, copper, TiN, etc.) in order to form a via (top contact 145) 
to connect to Subsequent metallization (top contact layer 
150). Therefore, it is appreciated that the TiN stop-etch layer 
125 deposited as the top layer of the original stack serves here 
to prevent over-etching of this via down through the insulator 
layer 115, which would short out the element 100. It is not 
appreciated, spacer 160 can be retained to protect the eventual 
contact region used for the via etch at step 235 from definition 
by the spacer. The retention of spacer 160 keeps the top 
low-resistance phase-change layer 120 and TiN etch-stop 
layer 125 wide in this area so that the entire bottom of the via 
etch at step 235 ends on TiN etch-stop layer 125 (rather than 
just a stripe along the center of the via). 

Since the TiN stop-etch layer 125 efficiently conducts heat 
away from the Switching Volume junction 114, the thickness 
161 of the upper low-resistance phase-change layer 120 
should not be too small. A thickness greater than 20 nanom 
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eters is preferable in order to allow the low thermal conduc 
tivity of low-resistance phase-change layer 120 to thermally 
insulate the switching volume 114. The thickness 161 of layer 
120 is selected to balance the heat conduction by the overly 
ing TiN layer against the fabrication difficulty of getting 
conformal deposition of the high-resistance phase-change 
layer 130 over a tall mesa step. The resulting element 100 is as 
illustrated in FIG. 1. FIG. 11 illustrates a perspective view of 
the phase change memory element 100 of FIG. 1, with the 
filling oxide layer 140 removed for illustrative purposes. The 
perspective view illustrates the junction 114 and the overall 
thin strip as fabricated in accordance with process 200 and the 
width 161 of the junction 114. 

At step 240, the top conducting layer 150 is formed. The 
remainder of the back-end process, including steps such as 
connecting metal bit-lines to these metallic vias and complet 
ing the peripheral circuits, is performed similar to phase 
change memory array processes known in the art. 
The flow diagram depicted herein is just an example. There 

may be many variations to these diagrams or the steps (or 
operations) described therein without departing from the 
spirit of the invention. For instance, the steps may be per 
formed in a differing order, or steps may be added, deleted or 
modified. All of these variations are considered a part of the 
claimed invention. 

While a preferred embodiment to the invention has been 
described, it will be understood that those skilled in the art, 
both now and in the future, may make various improvements 
and enhancements which fall within the scope of the claims 
which follow. These claims should be construed to maintain 
the proper protection for the invention first described. 
What is claimed is: 
1. A phase-change memory element, comprising: 
a first conductive layer having a resistance; 
a second conductive layer having a resistance; 
an insulating layer disposed between the first and second 

conductive layers; and 
a phase change layer having a resistance, and coupled to 

each of the first and second phase change layers, bridg 
ing the insulating layer and electrically coupling the first 
and second conductive layers, wherein the first and sec 
ond conductive layers, the phase change layer, and the 
insulating layer are disposed on a first level of a mesa 
step; 

a second level of the mesa step, including a contiguous 
portion of the first conductive layer, a contiguous portion 

10 

15 

25 

30 

35 

40 

45 

10 
of the phase layer disposed on the first conductive layer 
and a dielectric disposed on the phase layer, wherein the 
first level and the second level of the mesa step are 
electrically coupled via the junction, 

wherein the resistance of the phase change layer is greater 
than both the resistance of the first conductive layer and 
the conductive layer, 

wherein the phase layer is a conformal layer configured as 
a strip defined contiguously along the first level, the 
junction, and the second layer, 

wherein the junction defines a phase changing path 
between the first and second conductive layers. 

2. A method of manufacturing a phase change memory 
element, the method comprising: 

providing first phase change material layer and a second 
phase change material layer separated by an insulating 
layer; 

forming a step in the layers defining a first mesa level 
having the first and second phase material layers and the 
insulating layer, and a second mesa level having the first 
phase change material layer, whereby forming the step 
exposes a surface disposed between the first and the 
second mesa levels, the Surface defining a cross section 
of the first and second phase material layers and the 
insulating layer; 

conformally defining a third phase change material layer 
over the first and second mesa levels and on the Surface; 

forming a planar layer of a dielectric material over the first 
and second mesa levels; 

defining a spacer having a width on the planar dielectric 
layer; 

etching the layers to the sides of the spacer, whereby the 
etch stops at the insulating layer on the first level and at 
the first phase changing material on the second level; 

forming a planar layer of a dielectric material over the first 
and second mesa levels; 

defining a via through the dielectric material and through 
the conformal third phase material layer, and 

defining a conductor in the via to the second phase material 
layer, 

whereby a conductive path is formed between the conduc 
tor, the second phase change material layer, the third 
phase change material layer and the first phase change 
material layer. 


